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Abstract 
The nature and characteristics of attack unmanned combat aerial vehicle (UCAV) are analyzed. The principles of selecting 
takeoff thrust-weight ratio and takeoff weight of attack UCAV are presented by analyzing the statistical data of weights for vari-
ous main combat aircraft. The UCAV airborne weapons are analyzed, followed by the preliminary estimation of the payload 
weight. Various typical engines are analyzed and one of them is selected. Then the takeoff weight of the UCAV is determined. 
Based on some basic parameters and assumptions, the qualitative decomposition calculation for takeoff weight is completed. The 
key factors for obtaining longer endurance of aircraft with small aspect ratio configuration are found to be high lift-drag ratio and 
internal space. On the basis of the conclusions mentioned above, a highly blended flying-wing plus lifting body concept is pro-
posed. According to this concept, the UCAV configuration is designed and optimized. Finally, the UCAV configuration with 
small aspect ratio, high lift-drag ratio, and high stealth characteristic is obtained. 
Keywords: aircraft design; unmanned aerial vehicles; unmanned combat aerial vehicles; conceptual design; aerodynamics; 
stealth
1. Introduction1
At present, the research on unmanned combat aerial 
vehicle (UCAV) is still under its exploration. How the 
future UCAV should be developed[1-7], in which way 
the UCAV has to be developed are all the very prob-
lems which need to be resolved through further re-
search.
The evolvement of American UCAV X-45 and X-47 
series, from the original type A to later type B/C, can 
be regarded as thoroughly remoulding changes. Two 
points can be concluded from that: On one hand, it is 
the result of implementing the strategy which empha-
sizes on a gradual development from small to big di-
mension due to the cost and technical complexity of 
verification aircraft; on the other hand, it suggests that 
for America, the conceptual definition of UCAV is still 
under alternating and modifying[8-12], that is to say that 
which form and which size the UCAV should be actu-
ally taken are still not established. In our country, with 
the research and development of UCAV being initial-
ized not long before, the selection of the conceptual 
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forms and parameters remains an important issue that 
requires lots of research and consideration. 
2. Analysis of Key Parameters of Weight 
Takeoff weight is one of the most important[13] pa-
rameters of aircraft because it directly determines the 
aircraft’s main factors including scale magnitude, dy-
namic characteristics, cost, and so on. Therefore, the 
research on the parameters concerning the takeoff 
weight is conducted first in this article. 
2.1. Characters of UCAV 
Compared with the traditional manned combat air-
craft, the UCAV is a combat platform with lower cost 
and aims mainly at ground attack under high-risk 
rather than air combat[14]. From the viewpoint of flight 
performance, high maneuverability and agility as well 
as supersonic cruise are not the characteristics pursued 
by UCAV at present; in fact, what requires of UCAV is 
simply the limited and adequate maneuverability. So 
for this moment, the nature of the UCAV that should 
be developed first are those between that of fighter and 
bomber, close to the nature of traditional attacker con-
ceptually. 
 At the same time, UCAV is, however, somehow 
different from the traditional attacker. UCAV has to 
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carry out great depth, long distance, and concealed 
penetrations and perform the missions of attacking the 
enemy’s highly valuable and hazardous targets. Thus, 
high stealth performance is the most important element 
of UCAV. Taking into account the complex and com-
plete air early-warning capacity in enemy’s depth, the 
UCAV must realize wide-band and omni-directional 
stealth capacity. Further more, UCAV should have 
enough service range and endurance to be suitable for 
long distance attack. Therefore, ground attacker UCAV 
requires higher inner oil load capacity. All of these 
factors and requirements mentioned above corre-
spondingly determine the limitation and adequate level 
of UCAV maneuverability. 
2.2. Takeoff thrust-weight ratio and takeoff weight 
From the perspective of the nature of mission, 
UCAV is something between fighter and bomber, so 
the takeoff thrust-weight ratio and takeoff weight, 
which are the most important parameters concerning 
the weight of UCAV, can be set through the statistical 
analysis of corresponding parameters of various types 
of existing combat aircraft. Then according to the se-
lected engine, the tonnage magnitude of UCAV can be 
basically determined. 
Based on the statistical data, the relevant weight 
data of present mainstream combat aircraft, including 
the manned and unmanned aircraft, are listed in Table 1 
in a descending order of the takeoff thrust-weight 
ratio. In addition, the takeoff thrust-weight ratio is 
calculated based on the maximum thrust of engine, 
which is quite different from the general thrust-weight 
ratio calculated according to the afterburner thrust 
augmentation. 
Table 1  Weight data of mainstream combat aircraft 
Type Takeoff  weight/(103kg)




Su-27 22.5 2u7.7  0.68 
Mig-29 15.24 2u5 0.67 
F-15 20 2u6.7 0.67 
F-16C 10.8 1u6.7  0.62 
Su-30 25.7 2u7.7  0.60 
X-47A 2.5 1u1.45 0.58 
X-45A 5.5 1u3 0.55 
X-45B 9.7 1u4.8 0.49 
A-10 20 2u4.18 0.42 
X-47B 20.9 1u6.7 0.32 
X-45C 16.6 1u4.8 0.29 
B-2 152.6 4u8.6 0.23 
The data in Table 1 suggest that the change of the 
takeoff thrust-weight ratio of various types of aircraft 
from high to low is just corresponding to the descending 
change of maneuverability; at the same time, they also 
reflect that the main missions of these aircraft have 
changed gradually from mainly air combat gradually to 
ground attack with the change of thrust-weight ratio. 
B-2 with a thrust-weight ratio of merely 0.23, as shown 
in the last row of Table 1, is a bomber aiming purely at 
the long range bombing mission. Under that condition, 
the aircraft has very limited maneuverability. There-
fore, the thrust-weight ratio of B-2 can be regarded as 
the lower limit of that of attacker UCAV, that is to say, 
the takeoff thrust-weight ratio of UCAV should not be 
set at lower than 0.23. 
A-10 is a very typical and representative attacker: 
Its takeoff thrust-weight ratio is approximately 0.42, 
which is basically the same as the average level of the 
maximum value of 0.68 for the air combat aircraft and 
0.23 for the long range bombers. This reflects that the 
maneuverability required by attackers is also laid be-
tween the two types of aircraft, so it is in the same 
manner for the takeoff thrust-weight ratio. Various 
airborne weapons of A-10 take the form of external 
mounting, and because it has regular aerodynamic lay-
out, the lift-drag ratio of A-10 is much smaller than 
that of the UCAV with high lift-drag ratio and buried 
airborne weapons; besides, the takeoff thrust-weight 
ratio of A-10 must be much larger than UCAV. As a 
result, the takeoff thrust-weight ratio of attacker UCAV 
can be adjusted to be a little lower than that of A-10, 
hence the takeoff thrust-weight ratio of A-10 can be 
regarded as the upper limit of that of UCAV. 
It can be concluded from the previous discussion 
that the lower limit of takeoff thrust-weight ratio of 
UCAV can be preliminarily set at 0.23 with the upper 
limit of 0.42, that is 
g0.23 / 0.42T W              (1) 
From the early type A to present type B and type C, 
the respective evolution of X-45 and X-47 series 
UCAV has a common rule, that is, their thrust-weight 
ratios are all gradually decreasing from the original 
one close to 0.60 to later 0.29 for X-45C and 0.32 for 
X-47B. Namely, the takeoff thrust-weight ratio de-
clines from a level of 0.60 to that of around 0.30. That 
suggests that the development of UCAV in America 
has gradually further nailed down to the ground attack 
nature and to some extent weakened the maneuverabil-
ity of UCAV and strengthened the endurance capacity. 
Based on the preliminary lower and upper limits of 
the takeoff thrust-weight ratio of attacker UCAV and 
referring to takeoff thrust-weight ratio of X-45/X-47 
series UCAV, the takeoff thrust-weight ratio of UCAV 
can be set at not less than 0.30 and preliminarily set at 
0.33. Therefore, after the selection of engine, the 
maximum takeoff weight of UCAV can be determined 
as much as three times of the engine’s maximum take-
off weight. 
3. Analysis of Payload
In order to reduce radar cross section (RCS), the 
stealth aircraft basically avoids the external mounting 
payloads, such as airborne weapons, auxiliary tanks, 
pods, and so on, especially airborne weapons. Unlike 
the external mounting form, most of buried airborne 
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weapons need special designs so that they can be 
adapted to the limited space of the armaments bay. As 
a result, since the beginning of the buried armament 
bay adopted by the non-bomber version of F-117, the 
airborne weapons tend to be miniaturized, or tend to 
match the dimensions of the armaments bay by folding 
their wings when needed. 
On the other hand, due to the very limited dimen-
sions of fuselage, the dimensions of buried armaments 
bay that fighter and attacker can provide is corre-
spondingly very limited and the number of airborne 
weapons in the armaments bay is also much smaller 
than that in the form of external mounting. Therefore, 
the total weight of the payload in buried bay is much 
less than that in the form of external mounting. For 
example, at present, the loading armaments of ordinary 
combat aircraft in the form of external mounting is 
averagely more than 4 000 kg, and even close to 
104 kg for some combat aircraft, while it is usually no 
more than 2 000 kg for aircraft with buried armaments 
bay. As is shown in Fig.1, in the mode of buried weap-
ons, the maximum load of armaments is no more than 
1 000 kg (6×AIM-120C) and no more than 1 300 kg 
(2×AIM-120C+2×GBU-32, or 2×AIM-120+4×GBU-32) 
when performing the attacking mission[15].
Fig.1  Mounting capacity of F-22.
According to the development trend of airborne 
weapons, the demand for minimized air-to-ground 
missile and bomber to adapt to the buried armaments 
bay is inevitable, and the small diameter bomber (SDB) 
is one of the typical instances. So it is necessary that 
the buried armaments bay design should match the 
new types of airborne weapons. 
For this moment, there are two kinds of SDB which 
are fit for UCAV, they are GBU-38 and GBU-39 with 
the mass of 227 kg and 113 kg respectively. If these 
SDBs are adopted, the payload of UCAV can be pre-
liminarily set at 1 500 kg and thus the UCAV would be 
able to have the capacity of carrying 6 GBU-38s or 12 
GBU-39s.
4. Analysis of Engine Selection 
Engine is the heart of aircraft, so it is essential for 
the aircraft to be developed successfully including the 
UCAV. 
4.1. Selection of engine type 
In view of the present thrust level of engine, UCAV 
can utilize two kinds of turbofan engine, including 
large-thrust and medium-thrust engines. The typical 
representatives of large-thrust turbofan engine are 
AL-31F and F100-PW-220E and that of medium-thrust 
turbofan engine are RD-93 and F404-GE-400. The in-
dexes of key parameters for these engines are shown in    
Table 2. It can be seen from this table that under the 
conditions of the existing technology, the medium-
thrust turbofan engine has a maximum thrust of ap-
proximately 50 000 N, while the large-thrust turbofan 
engine has a thrust of about 70 000 N. 
Table 2  Typical engine parameters 





AL-31F 1 750 1 300 76 200 112.0    
F100-PW-220E 1 496 1 181 65 260 103.4    
RD-93 1 254 1 000 49 400 76.0    
F404-GE-400    996    889 48 000 64.4    
Among these engines, AL-31F and F100-PW-220E  
are better than RD-93 and F404-FE-400. However, 
taking into account the overall dimensions, economic 
efficiency, and all other factors, the medium-thrust 
turbofan engine would be more suitable as a candidate 
for the propulsion unit of attacker UCAV. 
In view of economy, the procurement of large-thrust 
turbofan engine costs more than 3 million dollars, 
while the medium-thrust engine only needs approxi-
mately two thirds of that cost. Therefore, utilizing me-
dium-thrust turbofan engine means lower procurement 
cost. Besides, fuel consumption of medium-thrust en-
gine per unit time is much smaller, so the medium- 
thrust engine also means much lower operation cost. In 
summary, utilizing medium-thrust turbofan engine will 
be able to bring higher economic efficiency. 
In respect of overall dimensions, the medium-thrust 
engine is smaller than the large-thrust engine. There-
fore, the medium-thrust engine can adapt well to the 
small body of UCAV, so that minimizing the dimen-
sions of UCAV is made possible and ultimately the 
goal will be achieved of decreasing the cost of UCAV. 
As for the air flow, the amount needed by the me-
dium-thrust turbofan engine is merely 70% of that 
needed by large-thrust engine. Therefore, the capture 
area needed by the inlet decreases correspondingly. As 
a result, the internal chamber of the inlet lessens, 
which is beneficial to the reduction of the chamber 
RCS and improving the stealth effect. 
Though medium-thrust turbofan engine has all the 
advantages mentioned above, its available thrust is 
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somewhat smaller than that of large-thrust engine. 
Therefore, it is particularly important to control the 
drag force during designing UCAV.  
According to the selection of X-45C engine, the 
F404-GE-400 engine with medium-thrust is the very 
choice. So there should be no problem to choose the 
medium-thrust turbofan engine for UCAV. 
4.2. Takeoff weight matching engine 
According to the previous analysis about the UCAV 
takeoff thrust-weight ratio and the relationship be-
tween takeoff weight and engine thrust, the UCAV 
maximum takeoff weight can be determined after the 
engine is selected. 
Suppose a 5 000 kg medium-thrust turbofan engine is 
chosen as the power of UCAV, then for the single engine 
concept, the maximum takeoff weight is 15 000 kg; 
while for the twin engines concept, the maximum take-
off weight is 30 000 kg. 
Suppose a 7 000 kg large-thrust turbofan engine is 
selected as the power of UCAV, then for the single 
engine concept, the maximum takeoff weight is 
21 000 kg, while for the twin engines concept, the 
maximum takeoff weight is 42 000 kg. 
5. Qualitative Analysis of Duration Performance 
The maximum takeoff weight and engine thrust of 
UCAV are obtained according to previous analysis. 
The next step is to determine the key factors of UCAV 
concept for the combination of these weight parame-
ters and engine.  
5.1. Analysis method 
For an aircraft, its takeoff weight can be generally 
decomposed into several parts, including the weight of 
structure, the airborne equipment/system, the engine, 
the weapon load, and the fuel. They have the following 
relation:  
t struct equ eng wep fuelW W W W W W          (2) 
where Wt, Wstruct, Wequ, Weng, Wwep, and Wfuel represent 
respectively aircraft’s total weight, structure weight, 
airborne equipment/system weight, engine weight, 
weapon load weight, and fuel weight. Except the fuel 
weight, all the others can be approximately obtained 
through statistical coefficients or other ways. On this 
basis, the takeoff weight minus the sum of other ob-
tainable weights is the general fuel weight that UCAV 
can carry, then the level of duration performance can 
be initially estimated based on engine performance 
data. 
5.2. Parameters and corresponding hypotheses 
The level of the structural design of aircraft is rep-
resented by a dimensionless structure coefficient Ks,
obtained through the comparison between structure 
weight and takeoff weight. At present the structure 
coefficient of the third generation fighter can achieve 
about 0.3 generally. Since the pure flying-wing con-
figuration does not have tail, the structure coefficient 
may be reduced significantly. However, the structure 
compensation for the large dimensions of hatch of 
UCAV ventral armaments bay leads to a rise of struc-
ture weight. Therefore, the structure coefficient of 
UCAV is assumed to be 0.24.  
Similar to the aircraft structure, the airborne equip-
ment/system weight can also be represented by a di-
mensionless equipment/system coefficient Ke. Consid-
ering the requirement of low cost, the avionics and 
other airborne equipment need not be as complete as 
that for the manned fighter. On the other hand, the 
cancellation of pilot-related environmental control and 
cockpit systems can lead to a great reduction of related 
equipment/system weight. Therefore, for the UCAV, 
this parameter can be set at 0.15. 
Suppose the UCAV engine is medium-thrust RD-93, 
so the engine installation weight is approximately 
1 254 kg. 
The maximum weight of weapon load is 1 500 kg 
according to the previous analysis. 
In the aspect of engine working state, suppose the 
aircraft keeps cruising at Ma = 0.8 and at 11 km above 
sea level. At the same time, suppose the engine avai- 
lable thrust is big enough to overcome aircraft cruising 
drag. Moreover, taking the extreme case and suppose 
the aircraft’s cruising speed reaches the maximum of 
which the engine can achieve in cruising condition, 
that is, the engine will produce its largest cruising con-
dition thrust. For the medium-thrust turbofan engine, 
the largest cruising thrust is about 12 000 N for this 
operating mode and the fuel consumption is about 
1 000-1 200 kg/h, in this article its average value 
1 100 kg/h is taken. 
5.3. Possible endurance and lift-drag ratio require-
ment for single engine concept 
According to the foregoing assumptions and con-
ventions, for single engine concept, the weight of 
UCAV can be calculated as follows: 
t 15 000 kgW  
struct s t 3 600 kgW K W  
equ e t 2 250 kgW K W  
eng 1 254 kgW  
wep 1500 kgW  
fuel 6 396 kgW  
At this time, the fuel coefficient is approximately 
0.43.
When the aircraft is cruising all the time, the endur-
ance of UCAV for single engine concept is approxi-
mately˖
fuel /1 100 6 396 /1 100 5.81 hW        (3)
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In previous estimation, the engine is supposed to be 
always operating in the largest cruising state and con-
suming fuel to the highest degree. At the same time, 
the estimation does not take into account the situation 
that the weight of the aircraft decreases with the fuel 
being consumed and the required thrust also reduces 
accordingly, thereby the fuel consumption decreases as 
well. Therefore the actual endurance will be greater 
than the estimated one of 5.81 h. 
Then considering the lift-drag ratio requirement 
raised by endurance goal, the magnitude of trimmed 
lift-drag ratio which UCAV needs to be achieved in 
cruising state is approximately: 
t 9.8 /12 000 12W u |             (4) 
At the same time, the largest cruising drag of UCAV 
must be less than 12 000 N. 
5.4. Possible endurance and lift-drag ratio require-
ment for twin engines concept 
Like the single engine concept, the constitution parts 
of weight for the twin engines concept are calculated 
as follows˖
t 30 000 kgW  
struct s t 7 200 kgW K W  
equ e t 4 500 kgW K W  
eng 1 254 2 2 508 kgW  u  
wep 1500 kgW  
fuel 14 292 kgW  
At this time, the fuel coefficient is about 0.47. 
When the aircraft is cruising all the time, the endur-
ance level of UCAV for single engine concept is ap-
proximately: 
fuel /(1100 2) 14 292 /(1100 2) 6.49 hW u  u     (5) 
Then considering the lift-drag ratio requirement 
raised by endurance goal, the magnitude of trimmed 
lift-drag ratio which UCAV needs to be achieved in 
cruising state is approximately: 
t 9.8 /(12 000 2) 12W u u |              (6) 
At the same time, the largest cruising drag of UCAV 
must be less than 24 000 N. 
5.5. Requirement of UCAV concept raised by en- 
durance goal and analysis 
As can be seen from the foregoing analysis, the 
UCAV that uses medium-thrust turbofan engine has 
the ability to achieve better endurance. But the maxi-
mum trimmed lift-drag ratio of UCAV needs to be 
reached up to 12. Relative to ordinary combat aircraft, 
this is a very high lift-drag ratio which is difficult to be 
achieved. So one important issue to be resolved for 
UCAV concept is that the combat aircraft should have 
a aerodynamic configuration with high lift-drag ratio 
on the premise of small and medium aspect ratio, and 
at the same time, excellent low RCS should also be 
ensured. A large number of researches have been con-
ducted in foreign countries on this subject [16-18].
On the other hand, in order to provide the fuel that 
the engine requires for long time flight, UCAV needs 
adequate volume to arrange the internal fuel tanks with 
large capacity. At the same time, the large volume bur-
ied armaments bay also has great demand for internal 
space. Therefore, another important issue to be re-
solved for UCAV is the realization of adequate internal 
space on the premise of low RCS without causing too 
large drag. 
If the trimmed lift-drag ratio can achieve a higher 
level, it will be beneficial to realizing the favorable 
UCAV concept. Higher lift-drag ratio means the fur-
ther reduction of thrust required in cruising state. Thus 
the amount of fuel consumption of the engine is re-
duced and so are the fuel carried by UCAV and the 
airframe dimension; ultimately the procurement cost of 
UCAV will be decreased and the economy efficiency is 
improved. 
The estimation results of single and twin engines 
show that the twin engines concept only increases en-
durance by 10.9%, under the condition of doubling the 
takeoff weights and increasing 123% of fuel load. 
Limited increase in UCAV performance is achieved at 
the huge price of the cost and economic efficiency. 
Thus, for ground attack UCAV with medium- or lar-
ge-thrust turbofan engine, the single engine concept is 
superior to the twin engines one in general.  
6. Optimization of UCAV’s Conceptual Configura-
tion
6.1. Difficulties for UCAV’s conceptual configuration 
design 
According to the above analysis, if the trimmed 
lift-drag ratio of 13 is approached in a cruising state, 
the achievable endurance of ground attack UCAV may 
meet the corresponding requirements. However, it is 
very difficult to realize such a large lift-drag ratio for 
the UCAV with small or even medium aspect ratio. In 
addition, the stealth requirement makes the UCAV 
conceptual configuration design even harder[19-21].
In order to solve this problem, this article will re-
search further into the design optimization of UCAV’s 
conceptual configuration, based on the conclusions 
obtained above. 
6.2. Basic characteristics of concept  
In order to obtain higher lift-drag ratio, the UCAV’s 
configuration design adopts the highly blended fly-
ing-wing plus lifting body concept, as illustrated in 
Figs.2-3. Great effort should be made to avoid such 
kind of configuration as ordinary airframe during de-
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signing the theoretical configuration, while the pure 
wing or lifting body is the really satisfying form that 
UCAV should take. This principle should also be ob-
served in the air intake and exhaust system design. As 
is shown in Figs.2-3, the intake and exhaust system as 
a whole has little bad effect on preserving the con-
figuration of flying-wing plus lifting body. As a result, 
various parts of UCAV can produce relatively high lift 
so that the parts producing small lift and large drag are 
avoided. 
Fig.2  UCAV’s front view. 
Fig.3  UCAV’s side view. 
By comparison, although X-47B (Fig.4) also adopts 
the flying-wing configuration, there is a somewhat 
podgy part with the nature of ordinary airframe char-
acteristics.
Fig.4  X-47B with podgy airframe. 
It can be seen by contrast that in this article, great 
effort has been made to realize the highly blended fly-
ing-wing plus lifting body concept so that every part of 
the airframe can help the generation of lift while con-
tributes less to the drag. Therefore, the lift-drag ratio 
can be enhanced by a wide margin, which will satisfy 
the lift-drag ratio required by UCAV as analyzed pre-
viously in this article and meet the UCAV’s perform-
ance goals. 
6.3. Design and optimization of concept 
According to the previous analysis on the takeoff 
weight, payload, and propulsion unit and based on the 
concept of flying-wing plus lifting body, the optimiza-
tion of UCAV’s conceptual configuration is studied 
through design iteration method in this article. The 
optimization aims at high lift-drag ratio and low RCS  
and employs calculated fluid dynamics (CFD) algo-
rithm and RCS precisely pre-estimating method. The 
iteration undergoes 8 rounds and more than 50 differ-
ent combinations of various parameter values, each of 
which represents a certain form of flying-wing and
lifting body conceptual configuration, are obtained. 
The final concept turns out to be very satisfying. 
The parameters of the optimized ground attack 
UCAV are as follows: takeoff weight is 15 000 kg; 
payload is 1 500 kg; propulsion unit is medium-thrust 
turbofan engine; and the aspect ratio is 2.8, which be-
longs to the small aspect ratio type. 
Verified by the wind tunnel test conducted by China 
Aerodynamics Research and Development Center 
(CARDC), the UCAV conceptual configuration has a 
small aspect ratio of 2.8 and a maximum trimmed 
lift-drag ratio of exceeding 16, as illustrated in Fig.5(a). 
Through the CFD computational verification con-
ducted by CARDC, for Ma = 0.8, the maximum 
trimmed lift-drag ratio in cruising state can exceed 14, 
which is much higher than other conventional con-
figuration with small aspect ratio, as is shown in 
Fig.5(b). 
   (a) Low speed 
  (b) Ma = 0.8 
Fig.5  Lift-drag ratio vs attack angle. 
The curves of lift and drag coefficients for low 
speed and Ma = 0.8 are shown in Figs.6-7 respectively. 
Comparing the computational result obtained by 
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means of the CFD method presented in this article with 
that obtained from the wind tunnel test as well as from 
the CFD results of CARDC, it can be concluded 
(a) Low speed 
    (b) Ma = 0.8 
Fig.6  Lift coefficient vs attack angle.
     (a) Low speed
      (b) Ma = 0.8 
Fig.7  Drag coefficient vs attack angle. 
that the aerodynamic computational result presented in 
this article has a higher credibility, the lift coefficient 
error is less than 5% and the drag coefficient error is 
on the high side by no more than 30%. The actual 
lift-drag ratio is more ideal than the analytical result of 
this article to realize a larger trimmed lift-drag ratio.
Meanwhile, verified by the RCS test, both omni- 
directional and heading-directional RCS are very low; 
and without utilizing stealth material, the heading- 
directional RCS has already approached 0.01 m2. If 
stealth material is applied, the heading-directional RCS 
is expected to be controlled being below 0.01 m2. The 
stealth characteristic is very ideal. 
7. Conclusions
This article presents a possible parametric constitu-
tion concept of UCAV and the choice of its load and 
propulsion unit. Qualitative analysis indicates that 
UCAV with medium-thrust turbofan engine has the 
capability of long endurance that is needed for ground 
attack. At the same time, this article points out that the 
key factors for the success of such kind of UCAV is 
the high lift-drag ratio and sufficient internal space 
under the condition of small or medium aspect ratio 
configuration. 
Based on the conclusions mentioned above, a highly 
blended flying-wing plus lifting body is proposed and 
applied to the design and optimization of ground attack 
UCAV. Finally, the conceptual configuration of UCAV 
with small aspect ratio, high lift-drag ratio, and high 
stealth characteristic is obtained. This concept builds a 
foundation for further study. 
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